For obtaining reliable information about physical activity in epidemiological studies, validated and easy-touse instruments are required. Therefore, a new simplified physical activity record based on 15-min recording intervals was developed and validated. SUBJECTS: Nonobese volunteers (n ¼ 31). MEASUREMENTS: Physical activity was recorded over a 7-day period without detailed instructions. Energy expenditure was calculated (EE sPAR ) and compared to energy expenditure measured by doubly labelled water technique (EE DLW ). RESULTS: A good agreement between EE sPAR (12.173.0) and EE DLW (11.773.3) with a mean difference of 0.3371.55 MJ (r ¼ 0.880, Po0.001) was observed. The absolute difference between EE sPAR and EE DLW was o10% in 65% of the subjects. The difference between EE sPAR and EE DLW was independent of gender, age, body weight, and body mass index. A weak positive association between the difference and total body fat was observed (r ¼ 0.618, Po0.001), suggesting a slight tendency to overestimate EE sPAR with increasing total body fat. CONCLUSION: The new simplified physical activity protocol needs no detailed instructions, provides valid estimates of physical activity in nonobese free-living adults and can be used in epidemiological studies to assess total daily energy expenditure and physical activity level.
Introduction
Physical activity is a major determinant not only of energy expenditure, but also of health and disease. 1 Physical activity is defined as 'any bodily movement that is produced by the contraction of skeletal muscle and that substantially increases energy expenditure'. 2 Therefore, physical activity is often estimated based on energy expenditure and both terms are sometimes used synonymously. However, many instruments that measure energy expenditure have serious limitations. The doubly labeled water (DLW) method is accepted as the gold standard for measuring energy expenditure in freeliving volunteers, but costs of the isotopes and methodological effort limit its applicability to small study groups. The method is not suitable for large-scaled epidemiological studies. 3 Moreover, the method does not provide any information on type and duration of different physical activities. 4 Physical activity questionnaires are the most frequently used instruments in epidemiological studies to estimate physical activity or energy expenditure. However, their major problem is the opposing relationship between simplicity on the one hand and compliance and validity on the other hand. More detailed questionnaires intend to assess duration, frequency, and intensity of activites accurately, but because of their complexity, they may also result in a lower compliance and lower validity. [5] [6] [7] [8] Less detailed questionnaires are easy to use, but are often less accurate and do not assess different dimensions of physical activity such as duration, frequency, and intensity. 3, 9 As a result, different approaches have been developed to assess either habitual or actual physical activity.
An accurate method to assess the actual total daily physical activity is to use a physical activity record that demands to enlist all activities performed throughout the day. 5 Such a record requires a high compliance and encouragement of the test persons to list all activity changes. Moreover, test persons may alter their usual activity habits when the recall is carried out for a longer time period. 3, 10 Furthermore, subjects need to be instructed carefully as to how to complete the physical activity records. Also, the analysis of these records is highly time-consuming. 5, 11 For these various reasons, an instrument that combines the advantages of both physical activity questionnaires and records is needed, in order to obtain accurate results with reduced efforts in both instruction of subjects and data analysis. Therefore, we developed a new physical activity record with a simplified recording of the actual physical activity based on four steps per hour. This physical activity record permits a direct and simple recording of all activities at work, at home, and for leisure time for every quarter of an hour based on a ticking-off method. The purpose of the present study was to validate the energy expenditure and the physical activity level (PAL) estimated from this new simplified physical activity record against energy expenditure measured by the DLW method as the gold standard in free-living subjects without prior instructions on how to use the record.
Methods

Subjects
Healthy volunteers (n ¼ 32) were recruited from the participants of a study designed to compare different methods for estimating body composition. Due to incomplete urine sampling, one person was excluded from the study, resulting in a total study population of 15 males and 16 females (n ¼ 31). Subjects had a body mass index (BMI)o30 kg/m 2 . Volunteers were recruited via advertisements in local newspapers and had no prior experience with the use of epidemiological instruments such as physical activity records or questionnaires. Exclusion criteria were participation in previous epidemiological studies, pregnancy and lactation, and diseases of the gut and the kidney or other chronic diseases. Professional athletes were also excluded. The study protocol was approved by the Ethic Committee of the University of Potsdam. All participants gave written informed consent.
Body composition and resting metabolic rate Subjects entered the study center between 0700 and 0800 h after an overnight fast of at least 10 h. Only slight physical activity was allowed in the morning. With light underwear and empty bladder, the body weight was assessed using an electronic calibrated scale to the nearest 0.1 kg (Soehnle, Murrhardt, Germany). Height was determined with a GPM anthropometer (Siber & Hegner, Zurich, Switzerland) to the nearest 0.1 cm. BMI was calculated as body weight (kg)/ height (m) 2 . Body fat and lean body mass were measured by dual energy X-ray absorptiometry using a QDR-2000 Bone Densitometer (DXA, Hologic, Waltham, MA, USA).
Resting energy expenditure (REE) was determined by using an indirect calorimeter (Deltatract II, Hoyer, Bremen, Germany). CO 2 production and O 2 consumption were measured for 30 min at rest, in lying position of the subject. REE was calculated according to the Weir equation. 12 Physical activity assessment The simplified physical activity record as well as an accompanying data entry and calculation software program are available at www.dife.de (see links for 'Presse' and then 'Download'). For each day the record consisted of lines of activities grouped into the categories sleep and rest periods, activities at work and way to work, leisure time plus home activities and sports (Table 1) . A total of seven consecutive days were recorded for further evaluation during the first week of the study.
For the single categories, several items with respective examples of activities were given. Activities with similar metabolic equivalent (MET) intensities 11 were combined to reduce the number of items and to simplify the questionnaire. The MET reflects the ratio of the associated metabolic rate for a specific activity divided by the resting metabolic rate per hour and per kg body weight. 11 For all activity categories, an additional line for 'other activities' was given, which was subsequently assigned by the investigators to a corresponding item with a similar MET value within the same category. A short written instruction on how to use the record was included on the first page of the record. No verbal prior instruction was given to the participants, except the advice to carefully record all physical activity throughout the day. To avoid effects on the behavior, it was allowed to recorded activities retrospectively within few hours.
The activity items listed in the first column of the protocol are followed by 96 columns, each representing a time intervall of 15 min (Figure 1 ). To record their activity, the subjects had to mark the respective activity item for the last 15 min with a cross. Subjects were not allowed to postpone the recording procedure, except for sleeping and resting periods. By counting the total crosses per day or controlling unfilled time columns, the participants were able to check whether they had recorded all activities throughout the day.
Physical activity data for all activity categories of all seven record days were added and averaged separately. MET intensities are defined as the ratio of work metabolic rate to the standard resting metabolic rate. MET h/day were calculated as the sum of MET intensities 11 multiplied by the hours of each activity. Given that 1 MET is equivalent to B1 kcal/kg h or 4.184 kJ/kg h, 13 the energy expenditure from the physical activity record (EE sPAR ) was calculated as follows:
EE sPAR ðMJÞ ¼ METh=dayÂbody weightðkgÞÂ4:184=1000 ð1Þ
Validation of a simplified physical activity record C Koebnick et al PAL expresses total daily EE relative to REE and was calculated as follows:
Total energy expenditure from DLW Total energy expenditure was measured by the DLW method (multipoint approach). From the differential disappearance rates of the stable isotopes 2 H and 18 O, the carbon dioxide production values ðr CO2 Þ, and, subsequently, the total EE DLW were calculated using the equations of Coward and Cole.
14,15
On each of the two days prior to the DLW application, subjects collected a baseline urine sample between 0700 and 0800 h after an overnight fast. A third baseline urine sample was collected immediately before the subjects drank 0.07 g 2 H 2 O/kg body weight and 1.74 g H 2 18 O/kg body weight as a mixture prepared from 99.8 at% 2 H 2 O and 10.0 at% of H 2 18 O (euriso-top, Saint Aubin Cedex, France). After isotope administration, the subjects stayed fasted at the laboratory for 5 h until the first post-dose urine sample was obtained. Subjects were given labeled containers and instructions for collecting subsequent urine specimens. Thereafter, the subjects were free to engage in their usual daily activities. On 13 subsequent study days, the subjects collected the urine from their second void of the day for isotope analyses. All urine samples were stored at -201C until analyzed. Isotopic enrichment in the urine samples was determined using a Delta S isotope ratio mass spectrometer (Finnigan MAT, Bremen, Germany) equipped with equilibration devices. For the measurements, 5 ml aliquot of each sample was equilibrated isotopically with CO 2 O zero-time intercepts and elimination rates (k H and k O ) were calculated by using least-squares linear regression on the natural logarithm of isotope concentration as a function of elapsed time from dose. The zero-time intercepts were used to determine the isotope pool sizes at the time of dose. 16 Total daily EE was estimated considering a food quotient estimated at 0.86 according to the Third National Health and Nutrition Examination Survey. 17 Total EE DLW (MJ/day) was calculated including the rate of carbon dioxide production in liters per day and the respiratory quotient as described elsewhere. 18 The combined accuracy (2) time for sleep and rest, for work and related activities, for leisure time and home activities, and for sport activities as independent variables. In Bland-Altman plots, the difference between EE sPAR and EE DLW (y-axis) was related to the arithmetic mean of EE sPAR and EE DLW (x-axis). 19 The limits 
Results
General characteristics of study participants are shown in Table 2 . As intended at recruitment, a broad range of age, body weight, BMI, and percentage of body fat within the study population was observed. Eight of 31 participants (25.8%) were overweight (BMI425 kg/m 2 ), but none had a BMI430 kg/m 2 . Most participants (53.3%) were full-time employed, 6.7% half-time employed and 20.0% were trainees or students. Other subjects were unemployed (16.7%) or retired (3.3%).
Of all physical activity protocols, 29 were filled in accurately. In two records, incorrect data were observed, but in both cases incorrectly reported time was less than 1 h per week. Both mistakes were corrected according to volunteers' information.
EE DLW , the time spent on several activities, and the resulting EE sPAR are shown in Table 3 . EE sPAR was highly correlated to EE DLW (Figure 2) . The difference between EE sPAR and EE DLW was 0.3371.55 MJ (Figure 3) . This difference was not significantly different from zero. A slight tendency to an overestimation of EE sPAR (4712%) compared to EE DLW was observed. The absolute difference between EE sPAR and EE DLW was o5% in 11 (35%) subjects, between 5 and 10% in nine (29%) subjects, between 10 and 20% in seven subjects (23%), and 420 in four (13%) subjects. PAL sPAR (1.7570.25) was higher than PAL DLW (1.6970.30). The difference between PAL sPAR and PAL DLW (0.0570.21) was not significantly different from zero. PAL sPAR and PAL DLW were highly correlated (r ¼ 0.731, Po0.001).
Correlations and partial correlations between EE DLW and EE for single-activity categories are shown in Table 3 . Partial correlations between EE DLW and single-activity categories were calculated adjusting for other activity categories. Partial correlation with EE DLW was highest for EE from sport activities and activities at work.
The difference between EE sPAR and EE DLW was independent of gender, age, body weight, and BMI. However, a positive association between the difference and total body fat was observed (r ¼ 0.618, Po0.001), indicating an increasing overestimation with increasing total body fat. A correction factor estimated from a linear regression model for total body fat (EE DLW ¼ EE sPAR À0.067 Â total body fat (kg)) was able to increase the validity of EE sPAR to an adjusted R 2 of 0.988 (P for R Validation of a simplified physical activity record C Koebnick et al
Discussion
Physical activity plays a major role in the genesis of chronic diseases such as the metabolic syndrome, cardiovascular diseases, and cancer, 1,2,20 and is also a preventive factor for avoiding unhealthy weight gain. 21 Therefore, physical activity is an important outcome in epidemiological and nutritional studies, but difficult to measure because of its complex nature. 4, 22 We developed a new simplified physical activity record for use in large-scale studies that accurately estimates energy expenditure with low costs and low efforts for both investigator and study participants, which was validated in the present study.
To assess the nature of exposure-disease relationships, reliable and valid measurement instruments are needed that assess the different dimensions of physical activity in an objective and quantitive manner. A broad variety of instruments is available for this purpose. 3, 23 For large-scale epidemiological studies in free-living people, the estimation of habitual and actual physical activity is mainly based on the use of records, recalls or questionnaires. 9, 24 In general, recalls and records are used to assess actual activity , whereas questionnaires are intended to measure habitual activity.
3,25
By using repeated recalls or records also habitual physical activity can be estimated. Simple and short physical activity questionnaires have extensively proved to demonstrate associations with several chronic disease outcomes. 5, 9, 24, 26 The major advantage of using questionnaires and recalls is the low effort for study participants and the easy computerized data processing. Thus, the efforts needed are quite low for subjects and interviewers alike. However, many of these instruments do not allow to separate physical activity into its different dimensions and to estimate dose-response effects. 3 Furthermore, the quality of data derived from physical activity questionnaires and recalls highly depends upon the ability of users to precisely remember all the physical activities carried out in a defined period of time. The prospective approach realized in physical activity records has been shown to be superior to the retrospective approach of physical activity recalls for estimation of energy expenditure, 5 but records are often very time-consuming during their completion and data processing. 3, 4 In general, the advantages of several instruments are often combined with a lack of accuracy. There is a clear interaction between accuracy on the one hand and burden for study participants on the other hand. Attempts to increase accuracy are mostly associated with an increase of burden for the subjects followed by a loss of compliance. 3 To combine a high accuracy of estimates with low costs and low efforts for both investigator and study participants, a new simplified physical activity record was developed and validated in the present study.
To assess the actual physical activity in the present study, a diary method was used that permits a direct and simple recording of all activities at work, at home, and for leisure time. In order to simplify the recording procedure and to minimize efforts for users, an easy-to-use tick box system was chosen in which the activity was marked with a cross. To avoid effects on the behavior, it was also allowed to record activities retrospectively directly after finishing the activity or at least within a few hours. The system was easy to understand. Therefore, no detailed information was needed beforehand to enable subjects to use the record. A short written instruction was included. No verbal instruction was given to the participants. Nearly all records were filled in correctly, suggesting that participants understood the recording system and were able to use it. Nevertheless, further studies are needed to assess compliance in a large cohort.
Moreover, the avoidance of detailed instructions for subjects prior to the study did not result in a lack of accuracy Figure 3 Agreement plots showing the difference between energy expenditure measured by the doubly labelled water method (EE DLW ) and by the simplified physical activity protocol (EE sPAR ) plotted against the arithmetic mean of both measurements according to Bland-Altman. 19 A negative sign in the difference indicates an underestimation and a positive sign indicates an overestimation by using the simplified physical activity protocol. Validation of a simplified physical activity record C Koebnick et al time span in which the activity was carried out. Moreover, in many cases, recalls do not cover all kinds of activities per day. 3 Often only activities at work or sports are regarded, while childcare and home activities are disregarded. 25 From the literature, correlation coefficients for EE calculated from the DLW method and physical activity recalls between 0.5 and 0.7 are known. 9, 23, 24, 26 In some studies, the correlations were even lower with average differences between EE calculated from the DLW method and from physical activity recalls of 30%. 4, 5 Physical activity records, also called diaries, have been shown to be more accurate than physical activity recalls and questionnaires for estimation of energy expenditure. 5 Education, age and body weight are important factors influencing accuracy of physical activity estimations. 4, 28, 29 It has also been shown that subject compliance is a key limiting factor in the use of physical activity records. 5 For physical activity records, correlation coefficients between 0.6 and 0.8 and a mean difference of 7.9% have been observed. [3] [4] [5] In the present study, only a very slight tendency of overestimation by the physical activity record was observed when comparing EE sPAR and EE DLW . In most participants (64%), the difference between EE sPAR and EE DLW was o10%, and only in 13% of participants it was 420%. These results suggest that the simplified physical activity record produces valid estimates of EE. In accordance with other studies, the present data suggest that the most important contribution to total EE was made by occupational and sports activities. 4, 26 Physical activity at work and during sports activities has been identified as the main physical activity dimensions, followed by other leisure time activities. 9 An increasing difference between EE sPAR and EE DLW was observed with increasing body fat in the present study. A correction factor deriving from a linear regression model has been shown to correct this effect and to increase R 2 to 0.988.
However, a mean difference of 0.33 MJ and an R 2 of 0.77 suggest that estimates of EE calculated from the simplified physical activity record can also be used without any correction term if no data about body fat are available. A general overestimation of EE and PAL by physical activity records and recalls is common and has also been observed in other studies. 4, 5 This effect may be explained by an overestimation of the duration of the physical activities of higher intensity or by a misclassification resulting from an overestimation of the intensity. However, with our instrument a marked overestimation of the duration is quite unlikely because the duration is recorded on a quarter-hour basis. Energy costs of individuals have also been shown to have a large variation. 30, 31 Some subjects may have overestimated the intensity of their activity and chosen a more intense activity item, that is, fast walking instead of slow walking. This tendency to overestimate intensity may be more pronounced in subjects with higher body fat than in those with lower body fat. 4, 32 A further limitation is established in the use of activity factors like METs, which are intended to provide an activity classification system for use in epidemiological research, rather than for estimating the precise energy costs for individuals. 11, 33 It has been suggested that MET factors are too low for heavy and obese subjects. 32 On the other hand, the DLW method has also a slight tendency to underestimate EE in overweight subjects, which may also contribute to the slight overestimation of EE sPAR in heavier subjects. 34 Like most validation studies using the DLW approach, the present study has its major limitation in the low sample size. Furthermore, the new simplified physical activity record was only validated in healthy, free-living adults in a crosssectional study design that does not deliver estimates about repeatability. Due to the cross-sectional study design, no information on repeatability is available. To reflect habitual physical activity, a repeated assessment may be necessary. Further experience is needed to assess compliance in a less motivated group in a large epidemiological study. The abilities to estimate determinants of over-or underestimation are also limited due to the small sample size. Further determinants may be found in larger epidemiological studies. The results presented here suggest that our record produces valid estimates of total daily EE and PAL compared to EE DLW and PAL DLW . Another major advantage of the record is that it allows to separate different types of physical activity and to estimate differentiated dose-response effects.
In conclusion, the new simplified physical activity protocol provided valid estimates of EE and PAL in free-living and non-obese adults, without the necessity of giving detailed prior information and with acceptable deviations from data obtained by DLW. A correction for overestimation calculated from total body fat further increased the agreement between EE DLW and EE sPAR . The presented physical activity record can be used in epidemiological studies with or without a correction factor.
